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A B S T R A C T

A novel series of quinazolinone-1,2,3-triazole hybrids 10a-p were designed, synthesized, and evaluated for their
in vitro α-glucosidase inhibitory activity leading to efficient anti-diabetic agents. All synthesized compounds
exhibited good inhibitory activity against yeast α-glucosidase (IC50 values in the range of 181.0–474.5 µM) even
much more potent than standard drug acarbose (IC50 = 750.0). Among them, quinazolinone-1,2,3-triazoles
possessing 4-bromobenzyl moiety connected to 1,2,3-triazole ring (10g and 10p) demonstrated the most potent
inhibitory activity towards α-glucosidase. Compound 10g inhibited α-glucosidase in a competitive manner with
Ki value of 117 µM. Furthermore, the binding modes of the most potent compounds 10g and 10p in the α-
glucosidase active site was studied through in silico docking studies. Also, lack of cytotoxicity of compounds 10g
and 10p was confirmed via MTT assay.

1. Introduction

α-Glucosidase is a key enzyme in the process of digestion of car-
bohydrates. It breaks down starch and disaccharides to glucose leading
to the release of absorbable monosaccharides and consequently in-
crease of blood glucose levels. In this respect, it has been considered as
a therapeutic target for the treatment of type 2 diabetes [1,2] since
enzyme inhibition delays carbohydrate digestion and monosaccharide
absorption and subsequently reduces postprandial plasma glucose le-
vels and postprandial hyperglycemia [3]. Currently prescribed α-glu-
cosidase inhibitors such as acarbose, voglibose, and miglitol have de-
picted different side effects including bloating, diarrhea, flatulence,
pain, and abdominal discomfort [4]. Hence, discovery and development

of new α-glucosidase inhibitors possessing high efficacy and low side
effects are still in high demand as an attractive target for medicinal
chemists.

Quinazoline and its derivatives have been found as effective and
versatile pharmacophoric units in medicinal chemistry to design and
develop a wide range of bioactive compounds. Some medicinal prop-
erties such as anticancer, antimicrobial, anti-diabetic, anti-cholines-
terase, anti-inflammatory, and dihydrofolate reductase inhibitory ac-
tivities have been successfully documented in the literature [5–11].
Furthermore, recent studies confirmed α-glucosidase inhibitory activity
of quinazolines [12–14]. For example, different derivatives of com-
pound A (Fig. 1) were found to be potent α-glucosidase inhibitors
(IC50 = 12.5–15.6 µM comparing with acarbose, 475.0 µM) [14].
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1,2,3-Triazole derivatives are undeniably important scaffold in
medicinal chemistry. There are various compounds containing 1,2,3-
trizole moiety with diverse pharmacological activities such as antic-
ancer, anti-cholinesterase, anti-oxidant, anticonvulsant activities
[15–18]. However, several 1,2,3-triazole derivatives with high α-glu-
cosidase inhibitory activity have been reported [19–22]. In this respect,
Chinthala et al. reported a derivative of 1,2,3-triazole containing phe-
nethyl side chain and thiazolidinedione moiety B (Fig. 1) as a potent α-
glucosidase inhibitor (IC50 = 0.3 µM comparing with acarbose,
12.5 µM) [20]. Hybrid structures of 1,2,3-triazole and different het-
erocycles such as carbazole (C) (IC50 = 0.8–100.8 µM comparing with
acarbose, 840 µM) or triazine rings (D) (IC50 = 11.6–37.4 µM com-
paring with acarbose, 817.4 µM) (Fig. 1) were also reported as highly
potent α-glucosidase inhibitors [21,22].

Molecular hybridization (MH) is a useful tool for design and de-
velopment of new biologically active compounds which combines two
or more pharmacophores to create a new hybrid molecule with im-
proved potency [23]. In continuation of our efforts in design and de-
velopment of novel α-glucosidase inhibitors [24–27] and focusing on
compounds A, B, C, and D possessing high α-glucosidase inhibitory
activity, herein, novel quinazolinone-1,2,3-triazole hybrids 10a-p are
reported based on MH. All compounds were synthesized in good yields
and evaluated for their in vitro α-glucosidase inhibitory activity. To
investigate the interaction of the title compounds with amino acid re-
sidues participating in the α-glucosidase, kinetic and molecular docking
studies were also performed.

2. Results and discussion

2.1. Chemistry

Synthesis of desired compounds 10a-p was performed as outlined in
Scheme 1. Required starting materials, 2-amino-N-arylbenzamide

derivatives 3 were obtained by the reaction of isatoic anhydride 1 and
amine 2 in water at room temperature. Then, reaction of compound 3
and carbon disulfide (CS2) 4 in the presence of potassium hydroxide
(KOH) in EtOH by heating at reflux gave the corresponding thioxo-di-
hydroquinazolinone derivatives 5. Next, the reaction of compounds 5
and propargyl bromide 6 in the presence of potassium carbonate
(K2CO3) in DMF by heating at 80 °C afforded propargylated derivatives
7. Finally, click reaction of compounds 7 and in situ prepared organic
azides 9 in the presence of trimethylamine and catalytic amounts of
CuSO4·5H2O in the mixture of water/tert-butyl alcohol provided the
title compounds 10a-p.

2.2. In vitro a-glucosidase inhibitory activity

All synthesized compounds 10a-p were evaluated for their in vitro
inhibitory activity against α-glucosidase (Saccharomyces cerevisiae) in
comparison to acarbose as the standard drug (Table 1). As can be seen
in Table 1, synthesized compounds can be divided into two groups; (i)
derivatives having 3-phenethyl group (10a-g) and (ii) derivatives
having 3-(3,4-dimethoxyphenethyl) group (10h-p) connected to qui-
nazoline moiety.

IC50 values of the title compounds (ranging from 181.0 to 474.5 µM)
revealed that all of them possessed higher inhibitory activity against
yeast α-glucosidase than acarbose (IC50 = 750.0 µM). Compounds 10g
and 10p containing 4-bromobenzyl moiety connected to 1,2,3-triazole
ring demonstrated the highest activity (181.0 and 192.3 µM, respec-
tively). Also, compounds 10a, 10n, 10j, and 10f exhibited good α-
glucosidase inhibitory activity with IC50 values of 200.0, 202.5, 205.6,
and 209.4 µM, respectively.

The α-glucosidase inhibitory activity of the first group containing 3-
phenethyl derivatives 10a-g demonstrated that compound 10g con-
taining 4-bromobenzyl moiety was the most potent compound.
Changing the position of bromine to the ortho position of benzyl group

Fig. 1. Design strategy of novel quinazolinone derivatives as novel α-glucosidase inhibitors based on molecular hybridization of pharmacophoric units of potent
reported α-glucosidase inhibitors A-D.
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(compound 10f) reduced activity (IC50 = 209.4 µM). Introduction of
other halogens (F and Cl) into the benzyl moiety connected to 1,2,3-
triazole ring led to lower activity than compound 10g. Substitution of
fluorine at the meta position of benzyl moiety (compound 10b) gave
inhibitory activity with IC50 = 426.4 µM. Also, the presence of chlorine
at different positions of benzyl group (compounds 10c, 10d, and 10e)

afforded various inhibitory activity, however, lower than compound
10g. Compound 10c possessing 2-chlorobenzyl group showed
IC50 = 220.5 µM and changing the position of Cl from ortho to meta
(compound 10d) and para (compound 10e) led to IC50s = 369.0 and
474.5 µM, respectively. Interestingly, the α-glucosidase inhibitory ac-
tivity of compounds 10a-g was not only affected by the electronic
property of halogens but also by their position on the benzyl moiety in
such a manner that 2-Cl derivative (10c) > 4-Cl derivative (10e) while
4-Br derivative (10 g) > 2-Br derivative (10f). Finally, introduction of
methyl group into 4-position of pendant benzyl group (compound 10a)
led to good activity (IC50 = 200.0 µM). Comparing the inhibitory ac-
tivity of compounds 10a, 10e, and 10g which have different sub-
stituents at 4-position of benzyl moiety showed the order of inhibitory
activity as 4-Br > 4-Me > 4-Cl.

Considering the IC50 values obtained from the second category
containing 3-(3,4-dimethoxyphenethyl) group 10h-p showed some si-
milarities comparing with their counterparts in the first category (10a-
g). In this group, 4-Br derivative (compound 10p) was the most potent
compound (IC50 = 192.3 µM), however, lower active than its counter-
part 10g (IC50 = 181.0 µM). Changing the position of the bromine on
the pendant benzyl group from para to meta (compound 10o) and ortho
(compound 10n) slightly decreased α-glucosidase inhibitory activity
with IC50s = 226.0 and 202.5 µM, respectively. They were approxi-
mately as potent as their counterparts in the first group. Replacement of
Br by F and Cl diminished inhibitory activity and similarly the lowest
inhibitory activity was obtained by 4-Cl derivative (compound 10m,
IC50 = 463.0 µM). Substitution of Cl at the ortho and meta positions
(compounds 10k and 10l) gave IC50s = 222.0 and 235.8 µM, respec-
tively. In the case of 2-Cl derivative (compound 10k), it was approxi-
mately as potent as its counterpart compound 10c, however, compound
10k was stronger than compound 10d. Fluorinated derivatives (com-
pounds 10i and 10j) were found to be good α-glucosidase inhibitors
with IC50s = 250.0 and 205.6 µM, respectively. Although they were a
little lower active than brominated derivatives but much more active
than their counterparts in the first category of the synthesized com-
pounds. Finally, insertion of methyl group (compound 10h) deterio-
rated α-glucosidase inhibitory activity (IC50 = 301.5 µM); also, it
showed lower activity than its counterpart 10a.

Scheme 1. Synthesis of quinazolinone-1,2,3-triazole hybrids 10a-p.

Table 1
The IC50 values of compounds 10a-p against α-glucosidase.

Compound R1 R2 IC50 (µM)a

10a H 4-CH3 200.0 ± 0.8
10b H 3-F 426.4 ± 1.5
10c H 2-Cl 220.5 ± 1.2
10d H 3-Cl 369.0 ± 1.5
10e H 4-Cl 474.5 ± 1.0
10f H 2-Br 209.4 ± 1.5
10g H 4-Br 181.0 ± 1.4
10h OCH3 4-CH3 301.5 ± 2.2
10i OCH3 3-F 250.0 ± 1.2
10j OCH3 4-F 205.6 ± 1.0
10k OCH3 2-Cl 222.0 ± 1.0
10l OCH3 3-Cl 235.8 ± 1.3
10m OCH3 4-Cl 463.0 ± 0.6
10n OCH3 2-Br 202.5 ± 1.2
10o OCH3 3-Br 226.0 ± 0.8
10p OCH3 4-Br 192.3 ± 1.8
Acarbose – – 750.0 ± 1.5b

a Data are expressed as mean ± SE (three independent experiments).
b IC50 values of 856 ± 5.60 and 840 ± 1.73 were also reported for acar-

bose [28,29].
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2.3. Kinetic study

Kinetic study of the most potent inhibitor of α-glucosidase 10g was
performed in order to gain further insight into the mechanism of action
of this compound (Fig. 2). The analysis of obtained Lineweaver–Burk
plots revealed that no change was observed in Vmax values by increasing
the concentration of inhibitor while Km values increased. It indicated
that compound 10g was a competitive inhibitor towards α-glucosidase
(Fig. 2a). The Ki value was calculated as 117 µM through the secondary
re-plot of mentioned Lineweaver–Burk plots against the different con-
centrations of compound 10g.

2.4. Cytotoxicity studies

As growth and proliferation of cancerous cells are very rapid, cy-
totoxicity of all synthesized compounds 10a-p was evaluated against
breast cancer cell line MCF-7. Also, the most active compounds 10g and
10p were evaluated against normal cell line HDF using MTT assay [24].
Synthesized compounds depicted no cytotoxic activity against each of
the two series of cell lines.

2.5. Docking study

Interaction modes of the most potent compounds 10g and 10p in
the active site of α-glucosidase were performed using homology model
of α-glucosidase according to our previous study [26]. Superposed
structure of the standard drug acarbose and the most potent compound
10g in the active site of homology model of α-glucosidase was shown in
Fig. 3. The detailed binding mode of acarbose revealed that it interacted
with residues Asn241, His279, Glu304, Arg312, Thr302, Thr307,
Ser308, and Gln322 (Fig. 4).

The most active compound 10g established interactions with re-
sidues His279, Pro309, Arg312, Val305, and Val316 (Fig. 5a). Quina-
zolinone moiety formed a hydrogen bond and a π–π interaction with
His279. Phenethyl group and sulfur of compound 10g interacted with
Arg312. Also, a hydrophobic interaction between Pro309 and 1,2,3-
triazole ring was observed. Moreover, 4-bromobenzyl group showed
two interactions with Val305 and Val316 through 4-bromo substituent
and a hydrophobic interaction with Pro309 through phenyl ring.

Introduction of two methoxy groups at 3- and 4-position of phe-
nethyl moiety in compound 10g led to a slight decrease of inhibitory
activity as observed in the case of compound 10p. In this case, quina-
zolinone moiety established a π–π interaction with Phe300 (Fig. 5b).

This compound formed a hydrogen bond and a hydrophobic interaction
with Arg312 via 3-methoxy group and phenyl ring of phenethyl moiety.
4-Bromobenzyl group of compound 10p showed two interactions with
Glu304 and Pro309 through bromine and two interactions with His279
and Pro309 through phenyl ring (Fig. 5). Also, sulfur of this compound
interacted with Phe157. Further studies on the binding energies of
compounds 10g, 10p, and acarbose showed that compounds 10g and
10p have a lower free binding energy (−8.63 and −8.17 kcal/mol,
respectively) than acarbose (−4.04 kcal/mol) and therefore bound
more easily to α-glucosidase than acarbose. It also can explain the
difference between the α-glucosidase inhibitory activity of compound
10g with binding energy of −8.63 kcal/mol and its counterpart 10p
with binding energy of −8.17 kcal/mol.

3. Conclusion

In summary, a novel series of quinazolinone-1,2,3-triazole hybrids
10a-p were designed and synthesized as new potent α-glucosidase in-
hibitors to develop efficient anti-diabetic agents. All synthesized com-
pounds showed much better activity than the standard drug, acarbose.
Compounds 10g and 10p were found to be the most active derivatives
among the title compounds. Also, compound 10g could inhibit α-glu-
cosidase in a competitive manner. Furthermore, synthesized com-
pounds 10a-p showed no cytotoxicity against studied cancer and
normal cell lines. Docking study of the most potent compounds 10g and
10p confirmed they have been well fitted in the active site of α-glu-
cosidase via desirable interactions.
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Fig. 2. Kinetic studies of α-glucosidase inhibition by 10g: (a) The Lineweaver–Burk plot in the absence and presence of different concentrations of 10g, (b) The
secondary plot between Km and various concentrations of 10g.

Fig. 3. Acarbose (cyan) and the most potent compound 10g (pink) super-
imposed in the active site of α-glucosidase.
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4. Methods and materials

Melting points were determined on a Kofler hot stage apparatus and
are uncorrected. 1H and 13C NMR spectra were recorded on a Bruker
FT-500, using TMS as an internal standard. IR spectra were obtained on
a Nicolet Magna FTIR 550 spectrophotometer (KBr disks). MS were
recorded on an Agilent Technology (HP) mass spectrometer operating
at an ionization potential of 70 eV. Elemental analysis was performed
on an Elementar Analysensystem GmbH VarioEL CHNS mode.

4.1. General procedure for the preparation of 2-amino-N-arylbenzamides 3

A mixture of isatoic anhydride 1 (20 mmol) and amines 2 (20 mmol)
in water (50 mL) was stirred for 2–3 h at room temperature. After
completion of the reaction (checked by TLC, petroleum ether/ethyl
acetate: 1/2), the precipitated product was filtered off affording 2-
amino-N-arylbenzamide derivatives 3 which was used for the next

reaction with no purification.

4.2. General procedure for the preparation of thioxo-dihydroquinazolinones
5

A mixture of compound 3 (2 mmol), carbon disulfide 4 (5 mmol),
and potassium hydroxide (2 mmol) in EtOH (10 mL) was heated at re-
flux for 3–5 h. After completion of the reaction (checked by TLC, pet-
roleum ether/ethyl acetate: 1/4), the reaction mixture was cooled down
to room temperature, poured into ice-cold water, and the precipitated
product was filtered off and recystilized from EtOH to give the corre-
sponding thioxo-dihydroquinazolinone derivatives 5.

4.3. General procedure for the preparation of 2-(prop-2-ynylthio)
quinazolin-4(3H)-one derivatives 7

A mixture of compound 5 (1 mmol), propargyl bromide (1.2 mmol)

Fig. 4. Binding mode of acarbose in the active site of α-glucosidase.

Fig. 5. Binding mode of the most potent compounds 10g and 10p in the α-glucosidase active site.

M. Saeedi et al. Bioorganic Chemistry 83 (2019) 161–169

165



6, and potassium carbonate (1.5 mmol) in DMF (15 mL) was heated at
80 °C for 8 h. After that, the mixture was poured into ice-cold water,
and the precipitated product was filtered off to obtain propargylated
derivatives 7.

4.4. General procedure for the synthesis of quinazolinone-1,2,3-triazole
hybrids 10

A solution of benzyl chloride/bromide 8 (1.1 mmol), sodium azide
(0.9 mmol), and trimethylamine (1.3 mmol) in water (4 mL) and tert-
butyl alcohol (4 mL) was stirred at room temperature for 30 min to give
azide derivatives 9. Then, compound 7 (1 mmol) and CuSO4·5H2O
(7 mol%) were added to the reaction mixture and it was continued for
24 h. Upon completion of the reaction, monitored by TLC (petroleum
ether/ethyl acetate: 1/4), the mixture was diluted with water, extracted
with chloroform, and dried over anhydrous Na2SO4. After evaporation
of solvent, the residue was recrystallized from ethyl acetate and pet-
roleum ether to give pure product 10.

4.4.1. 2-(((1-(4-Methylbenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
phenethylquinazolin-4(3H)-one (10a)

Yield: 94%; mp = 121–126 °C; IR (KBr): 3050 (CeH), 2825 (CeH),
1675 (C]O), 1661, 1528 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 2.47 (s, 3H, CH3), 3.13–3.16 (m, 2H, CH2), 4.38–4.42
(m, 2H, CH2), 4.76 (s, 2H, CH2), 5.57 (s, 2H, CH2), 7.23–7.28 (m, 4H,
H2′, H3′, H5′, H6′), 7.39–7.44 (m, 5H, Ph), 7.55 (t, JH6-5,6-7 = 8.0 Hz,
1H, H6), 7.60–7.62 (m, 2H, H8, triazole), 7.82 (t, JH7-6,7-8 = 8.0 Hz, 1H,
H7), 8.37 (d, JH5-6 = 8.0 Hz, 1H, H5) ppm. 13CNMR (CDCl3, 125 MHz):
δ = 21.1, 26.8, 34.1, 46.2, 54.1, 119.3, 123.1, 125.7, 125.9, 126.8,
127.1, 128.1, 128.7, 128.9, 129.8, 131.5, 134.4, 137.6, 138.8, 144.0,
147.0, 155.9, 161.1 ppm. Anal. Calcd for C27H25N5OS: C, 69.35; H,
5.39; N, 14.98. Found: C, 69.48; H, 5.21; N, 15.21.

4.4.2. 2-(((1-(3-Fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
phenethylquinazolin-4(3H)-one (10b)

Yield: 73%; mp = 148–153 °C; IR (KBr): 3048 (CeH), 2829 (CeH),
1671 (C]O), 1660, 1550 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 2.97 (t , JCH2-CH2 = 7.5 Hz, 2H, CH2), 4.22 (t, JCH2-
CH2 = 7.5 Hz, 2H, CH2), 4.60 (s, 2H, CH2), 5.42 (s, 2H, CH2), 6.86 (d,
JH2′-3′ = 8.5 Hz, 1H, H2′), 6.93–6.97 (m, 2H, H4′, H5′), 7.21–7.25 (m,
6H, Ph, H3′), 7.37 (t, JH6-5,6-7 = 7.0 Hz, 1H, H6), 7.46 (d, JH8-
7 = 7.0 Hz, 1H, H8), 7.51 (s, 1H, triazole), 7.65 (t, JH7-6,7-8 = 7.0 Hz,
1H, H7), 8.18 (d, JH5-6 = 7.0 Hz, 1H, H5) ppm. 13CNMR (CDCl3,
125 MHz): δ = 26.8, 34.1, 46.3, 53.6, 97.0, 115.1, 115.9, 119.4, 122.8,
123.5, 125.5, 126.0, 126.8, 127.1, 128.7, 128.9, 130.5, 134.5, 137.6,
144.5, 146.8, 155.4, 161.5, 162.2 ppm. Anal. Calcd for C26H22FN5OS:
C, 66.22; H, 4.70; N, 14.85. Found: C, 66.41; H, 4.52; N, 14.59.

4.4.3. 2-(((1-(2-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
phenethylquinazolin-4(3H)-one (10c)

Yield: 88%; mp = 125–128 °C; IR (KBr): 3050 (CeH), 2829 (CeH),
1677 (C]O), 1668, 1552 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 3.00–3.02 (m, 2H, CH2), 4.25–4.27 (m, 2H, CH2), 4.62
(s, 2H, CH2), 5.60 (s, 2H, CH2), 7.15–7.30 (m, 8H, Ph, H4′, H5′, H6′),
7.39–7.41 (m, 2H, H6, triazole), 7.51 (d, JH8-7 = 6.0 Hz, 1H, H8),
7.65–7.69 (m, 2H, H7, H3′), 8.23 (d, JH5-6 = 6.0 Hz, 1H, H5) ppm.
13CNMR (CDCl3, 125 MHz): δ = 26.9, 34.1, 46.2, 51.5, 96.1, 119.5,
123.3, 125.7, 125.9, 126.8, 127.1, 127.6, 128.7, 129.0, 129.9, 130.3,
130.4, 132.6, 134.4, 137.7, 144.2, 147.2, 155.7, 161.5 ppm. MS (m/z,
%): 489 ([M + 2]+., 5), 487 (M+, 15), 334 (53), 281 (55), 249 (23),
230 (38), 207 (10), 178 (64), 162 (31), 125 (100), 104 (63), 89 (22), 77
(11). Anal. Calcd for C26H22ClN5OS: C, 63.99; H, 4.54; N, 14.35. Found:
C, 64.28; H, 4.38; N, 14.50.

4.4.4. 2-(((1-(3-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
phenethylquinazolin-4(3H)-one (10d)

Yield: 89%; mp = 126–131 °C; IR (KBr): 3050 (CeH), 2829 (CeH),
1677 (C]O), 1668, 1552 (C]N, C]C) cm−1. 1H NMR (CDCl3,
500 MHz): δ = 3.02 (t, JCH2-CH2 = 7.5 Hz, 2H, CH2), 4.27 (t, JCH2-
CH2 = 7.5 Hz, 2H, CH2), 4.64 (s, 2H, CH2), 5.45 (s, 2H, CH2), 7.09 (d,
JH6′-5′ = 7.5 Hz, 1H, H6′), 7.21–7.32 (m, 9H, Ph, H2′, H4′, H5′, tria-
zole), 7.41 (t, JH6-5,6-7 = 7.5 Hz, 1H, H6), 7.50 (d, JH8-7 = 7.5 Hz, 1H,
H8), 7.70 (t, JH7-6,7-8 = 7.5 Hz, 1H, H7), 8.23 (d, JH5-6 = 7.5 Hz, 1H,
H5) ppm. 13CNMR (CDCl3, 125 MHz): δ = 26.9, 34.1, 46.3, 53.5, 96.1,
119.6, 123.4, 125.6, 125.8, 126.0, 126.8, 127.2, 127.8, 128.1, 128.7,
129.0, 129.0, 130.4, 134.5, 137.6, 144.1, 147.2, 155.6, 168.5 ppm. MS
(m/z, %): 489 ([M + 2]+., 5), 487 (M+, 15), 334 (50), 281 (84), 249
(30), 230 (44), 178 (76), 162 (38), 125 (100), 104 (86), 89 (24), 77
(14). Anal. Calcd for C26H22ClN5OS: C, 63.99; H, 4.54; N, 14.35. Found:
C, 64.32; H, 4.78; N, 14.15.

4.4.5. 2-(((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
phenethylquinazolin-4(3H)-one (10e)

Yield: 91%; mp = 129–132 °C; IR (KBr): 3050 (CeH), 2828 (CeH),
1672 (C]O), 1665, 1552 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 3.01–3.03 (m, 2H, CH2), 4.26–4.28 (m, 2H, CH2), 4.62
(s, 2H, CH2), 5.45 (s, 2H, CH2), 7.15 (d, JH2′,6′-3′,5′ = 7.0 Hz, 2H, H2′,
H6′), 7.26–7.31 (m, 7H, Ph, H3′, H5′), 7.42–7.50 (m, 3H, H6, H8,
triazole), 7.70 (t, JH7-6,7-8 = 7.0 Hz, 1H, H7), 8.24 (d, J5-6 = 7.0 Hz, 1H,
H5) ppm. 13CNMR (CDCl3, 125 MHz): δ = 26.8, 34.1, 46.2, 53.4, 96.1,
119.2, 122.8, 123.9, 125.6, 126.0, 126.8, 127.1, 128.7, 128.9, 129.4,
133.0, 134.4, 137.6, 144.3, 147.1, 155.3, 161.4 ppm. Anal. Calcd for
C26H22ClN5OS: C, 63.99; H, 4.54; N, 14.35. Found: C, 63.78; H, 4.21; N,
14.24.

4.4.6. 2-(((1-(2-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
phenethylquinazolin-4(3H)-one (10f)

Yield: 86%; mp = 130–133 °C; IR (KBr): 3051 (CeH), 2829 (CeH),
1675 (C]O), 1665, 1550 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 3.01 (t, JCH2-CH2 = 8.0 Hz, 2H, CH2), 4.27 (t, JCH2-
CH2 = 8.0 Hz, 2H, CH2), 4.62 (s, 2H, CH2), 5.60 (s, 2H, CH2), 7.12 (d,
JH6′-5′ = 7.5 Hz, 1H, H6′), 7.19–7.30 (m, 7H, Ph, H4′, H5′), 7.41 (t, JH6-
5,6-7 = 7.5 Hz, 1H, H6), 7.50 (d, JH8-7 = 7.5 Hz, 1H, H8), 7.56 (d, JH3′-
4′ = 7.5 Hz, 1H, H3′), 7.66–7.70 (m, 2H, H7, triazole), 8.23 (d, J5-
6 = 7.5 Hz, 1H, H5) ppm. 13CNMR (CDCl3, 125 MHz): δ = 26.9, 34.1,
46.2, 53.9, 96.1, 119.1 123.4, 125.8, 126.0, 126.8, 127.1, 127.3, 128.2,
128.7, 129.0, 129.1, 130.4, 133.2, 134.4, 137.6, 144.0, 147.1, 155.8,
161.2 ppm. Anal. Calcd for C26H22BrN5OS: C, 58.65; H, 4.16; N, 13.15.
Found: C, 58.48; H, 4.31; N, 13.34.

4.4.7. 2-(((1-(4-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
phenethylquinazolin-4(3H)-one (10g)

Yield: 89%; mp = 131–133 °C; IR (KBr): 3050 (CeH), 2829 (CeH),
1672 (C]O), 1669, 1578 (C]N, C]C) cm−1. 1H NMR (CDCl3,
500 M Hz): δ = 3.02–3.04 (m, 2H, CH2), 4.27–4.29 (m, 2H, CH2), 4.61
(s, 2H, CH2), 5.43 (s, 2H, CH2), 7.08 (d, JH2′,6′-3′,5′ = 8.0 Hz, 2H, H2′,
H6′), 7.24–7.32 (m, 5H, Ph), 7.41–7.46 (m, 5H, H6, H8, H3′, H5′,
triazole), 7.70 (t, JH7-6,7-8 = 7.5 Hz, 1H, H7), 8.24 (d, JH5-6 = 7.5 Hz,
1H, H5) ppm. 13CNMR (CDCl3, 125 MHz): δ = 26.8, 34.1, 46.2, 53.5,
96.0, 119.5, 123.0, 125.7, 126.0, 126.8, 127.1, 128.7, 128.9, 129.7,
132.3, 133.4, 134.4, 137.7, 140.2, 147.1, 155.5, 161.4 ppm. Anal.
Calcd for C26H22BrN5OS: C, 58.65; H, 4.16; N, 13.15. Found: C, 58.47;
H, 4.40; N, 13.28.

4.4.8. 3-(3,4-Dimethoxyphenethyl)-2-(((1-(4-methylbenzyl)-1H-1,2,3-
triazol-4-yl)methyl)thio) quinazolin-4(3H)-one (10h)

Yield: 90%; mp = 135–138 °C; IR (KBr): 3055 (CeH), 2829 (CeH),
1678 (C]O), 1663, 1558 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 2.34 (s, 3H, CH3), 2.96–2.98 (m, 2H, CH2), 3.83 (s, 3H,
OMe), 3.86 (s, 3H, OMe), 4.26–4.28 (m, 2H, CH2), 4.60 (s, 2H, CH2),
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5.42 (s, 2H, CH2), 6.79–6.83 (m, 2H, H2″, H5″), 6.86 (d, JH6″-
5″ = 8.0 Hz, 1H, H6″), 7.09–7.13 (m, 5H, H2′, H3′, H5′, H6′, triazole),
7.41 (t, JH6-5,6-7 = 7.5 Hz, 1H, H6), 7.45 (d, JH8-7 = 7.5 Hz, 1H, H8),
7.68 (t, JH7-6,7-8 = 7.5 Hz, 1H, H7), 8.23 (d, JH5-6 = 7.5 Hz, 1H, H5)
ppm. 13CNMR (CDCl3, 125 MHz): δ = 21.2, 26.9, 33.6, 46.4, 54.0, 55.8,
55.9, 96.0, 111.4, 112.1, 119.4, 121.0, 125.7, 125.9, 127.0, 128.1,
129.7, 130.2, 131.4, 134.4, 138.7, 144.5, 147.1, 147.9, 149.0, 155.6,
161.5 ppm. Anal. Calcd for C29H29N5O3S: C, 66.01; H, 5.54; N, 13.27.
Found: C, 66.31; H, 5.38; N, 13.51.

4.4.9. 3-(3,4-Dimethoxyphenethyl)-2-(((1-(3-fluorobenzyl)-1H-1,2,3-
triazol-4-yl)methyl)thio) quinazolin-4(3H)-one (10i)

Yield: 70%; mp = 150–151 °C; IR (KBr): 3050 (CeH), 2829 (CeH),
1677 (C]O), 1660, 1556 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 2.98–3.00 (m, 2H, CH2), 3.82 (s, 3H, OMe), 3.85 (s, 3H,
OMe), 4.28–4.29 (m, 2H, CH2), 4.60 (s, 2H, CH2), 5.48 (s, 2H, CH2),
6.77–6.80 (m, 3H, H2″, H5″, H6″), 6.88 (d, JH6′-5′ = 7.0 Hz, H6′), 6.89
(d, JH2′-F = 7.0 Hz, H2′), 6.96–7.03 (m, 2H, H5′, triazole), 7.28 (t, JH4′-
5′,4′-F = 7.0 Hz, 1H, H4′), 7.41 (t, JH6-5,6-7 = 7.5 Hz, 1H, H6),7.45 (d,
JH8-7 = 7.5 Hz, 1H, H8), 7.69 (t, JH7-6,7-8 = 7.5 Hz, 1H, H7), 8.23 (d,
JH5-6 = 7.5 Hz, 1H, H5) ppm. 13CNMR (CDCl3, 125 MHz): δ = 26.1,
33.6, 46.4, 52.5, 55.9, 56.0, 96.1, 111.5, 112.2, 115.0 (d, J = 21.2 Hz),
115.8 (d, J = 20.0 Hz), 119.5, 121.1, 123.5, 125.7, 125.9, 127.1, 130.2,
130.7 (d, J = 8.7 Hz), 134.4, 136.9, 145.5, 147.2, 147.9, 149.0, 155.5,
161.4, 162.9 (d, J = 246.2 Hz) ppm. MS (m/z, %): 531 (M+, 15), 341
(28), 164 (100), 149 (17), 109 (62). Anal. Calcd for C28H26FN5O3S: C,
63.26; H, 4.93; N, 13.17. Found: C, 63.51; H, 4.71; N, 13.29.

4.4.10. 3-(3,4-Dimethoxyphenethyl)-2-(((1-(4-fluorobenzyl)-1H-1,2,3-
triazol-4-yl)methyl)thio) quinazolin-4(3H)-one (10j)

Yield: 73%; mp = 151–153 °C; IR (KBr): 3054 (CeH), 2828 (CeH),
1675 (C]O), 1662, 1558 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 2.97–2.99 (m, 2H, CH2), 3.82 (s, 3H, OMe), 3.85 (s, 3H,
OMe), 4.27–4.29 (m, 2H, CH2), 4.59 (s, 2H, CH2), 5.44 (s, 2H, CH2),
6.78–6.81 (m, 2H, H2″, H5″), 6.85 (d, JH6″-5″ = 7.5 Hz, 1H, H6″), 7.00
(t, JH3′,5′-2′,6′-F = 7.5 Hz, 2H, H3′, H5′), 7.17–7.22 (m, 3H, H2′, H6′,
triazole), 7.40–7.44 (m, 2H, H6, H8), 7.68 (t, JH7-6,7-8 = 7.5 Hz, 1H,
H7), 8.23 (d, JH5-6 = 7.5 Hz, 1H, H5) ppm. 13CNMR (CDCl3, 125 MHz):
δ = 27.5, 33.6, 46.4, 53.5, 55.9, 56.0, 96.1, 111.5, 112.2, 116.0 (d,
J = 22.5 Hz), 119.4, 121.0, 125.7, 126.0, 127.1, 130.0, 130.1 (d,
J = 8.0 Hz), 134.4, 135.2, 144.5, 147.1, 147.9, 149.0, 155.7, 161.4,
162.5 (d, J = 245. Hz) ppm. Anal. Calcd for C28H26FN5O3S: C, 63.26; H,
4.93; N, 13.17. Found: C, 63.41; H, 5.24; N, 12.88.

4.4.11. 2-(((1-(2-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
(3,4-dimethoxyphenethyl) quinazolin-4(3H)-one (10k)

Yield: 80%; mp = 135–139 °C; IR (KBr): 3050 (CeH), 2828 (CeH),
1672 (C]O), 1665, 1558 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 2.96 (t, JCH2-CH2 = 7.0 Hz, 2H, CH2), 3.83 (s, 3H, OMe),
3.85 (s, 3H, OMe), 4.24–4.26 (m, 2H, CH2), 4.62 (s, 2H, CH2), 5.61 (s,
2H, CH2), 6.77–6.80 (m, 3H, H6′, H2″, H5″), 6.84 (d, JH6″-5″ = 7.5 Hz,
1H, H6″), 7.15 (d, JH3′-4′ = 7.0 Hz, 1H, H3′), 7.20 (t, JH4′-3′,4′-
5′ = 7.0 Hz, 1H, H4′), 7.27 (t, JH5′-4′,5′-6′ = 7.0 Hz, 1H, H5′), 7.37–7.43
(m, 2H, H6, triazole), 7.50 (d, JH8-7 = 7.5 Hz, 1H, H8), 7.69 (t, JH7-6,7-
8 = 7.5 Hz, 1H, H7), 8.23 (d, JH5-6 = 7.5 Hz, 1H, H5) ppm. 13CNMR
(CDCl3, 125 MHz): δ = 26.8, 33.6, 46.4, 51.5, 55.9, 56.0, 96.1, 111.5,
112.1, 119.6, 121.0, 125.7, 125.9, 127.1, 127.6, 129.9, 130.3, 130.4,
132.4, 134.4, 144.2, 147.1, 147.8, 149.1, 151.9, 154.1, 155.7,
161.4 ppm. Anal. Calcd for C28H26ClN5O3S: C, 61.36; H, 4.78; N, 12.78.
Found: C, 61.58; H, 4.59; N, 12.51.

4.4.12. 2-(((1-(3-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
(3,4-dimethoxyphenethyl) quinazolin-4(3H)-one (10l)

Yield: 76%; mp = 138–140 °C; IR (KBr): 3050 (CeH), 2828 (CeH),
1675 (C]O), 1663, 1559 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 3.03–3.05 (m, 2H, CH2), 3.88 (s, 3H, OMe), 3.91 (s, 3H,

OMe), 4.33–4.35 (m, 2H, CH2), 4.68 (s, 2H, CH2), 5.52 (s, 2H, CH2),
6.84–6.87 (m, 2H, H2″, H5″), 6.92 (d, JH6″-5″ = 7.5 Hz, 1H, H6″), 7.14
(d, JH6′-5′ = 7.0 Hz, 1H, H6′), 7.26–7.36 (m, 4H, H2′, H4′, H5′, triazole),
7.47 (t, JH6-5,6-7 = 7.5 Hz, 1H, H6), 7.53 (d, JH8-7 = 7.5 Hz, 1H, H8),
7.76 (t, JH7-6,7-8 = 7.5 Hz, 1H, H7), 8.29 (d, JH5-6 = 7.5 Hz, 1H, H5)
ppm. 13CNMR (CDCl3, 125 MHz): δ = 26.9, 33.6, 46.4, 50.9, 54.0, 55.9,
96.0, 111.5, 112.1, 119.4, 121.1, 125.7, 125.9, 126.1, 127.0, 128.1,
129.0, 130.2, 130.3, 134.5, 135.0, 136.4, 147.1, 147.9, 149.0, 151.8,
155.5, 161.4 ppm. Anal. Calcd for C28H26ClN5O3S: C, 61.36; H, 4.78; N,
12.78. Found: C, 61.60; H, 4.87; N, 12.84.

4.4.13. 2-(((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
(3,4-dimethoxyphenethyl) quinazolin-4(3H)-one (10m)

Yield: 84%; mp = 137–140 °C; IR (KBr): 3058 (CeH), 2828 (CeH),
1675 (C]O), 1667, 1561 (C]N, C]C) cm−1. 1H NMR (CDCl3,
500 MHz): δ = 2.96–2.98 (m, 2H, CH2), 3.83 (s, 3H, OMe), 3.86 (s, 3H,
OMe), 4.26–4.28 (m, 2H, CH2), 4.60 (s, 2H, CH2), 5.45 (s, 2H, CH2),
6.78–6.81 (m, 2H, H2″, H5″), 6.85 (d, JH6″-5″ = 8.0 Hz, 1H, H6″), 7.14
(d, JH2′,6′-3′,5′ = 7.5 Hz, 2H, H2′, H6′), 7.29 (d, JH3′,5′-2′,6′ = 7.5 Hz, 2H,
H3′, H5′), 7.40–7.44 (m, 3H, H6, H8, triazole), 7.70 (t, JH7-8 = 7.5 Hz,
1H, H7), 8.24 (d, JH8-7 = 7.5 Hz, 1H, H8) ppm. 13CNMR (CDCl3,
125 MHz): δ = 26.9, 33.6, 46.4, 53.5, 55.8, 55.9, 96.0, 111.5, 112.1,
119.4, 121.0, 125.7, 126.0, 127.1, 129.3, 129.4, 130.2, 132.9, 134.4,
135.8, 145.8, 147.1, 147.9, 149.0, 155.5, 161.5 ppm. Anal. Calcd for
C28H26ClN5O3S: C, 61.36; H, 4.78; N, 12.78. Found: C, 61.46; H, 4.49;
N, 12.51.

4.4.14. 2-(((1-(2-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
(3,4-dimethoxylphenethyl) quinazolin-4(3H)-one (10n)

Yield: 84%; mp = 142–145 °C; IR (KBr): 3050 (CeH), 2829 (CeH),
1675 (C]O), 1663, 1585 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 2.96 (t, JCH2-CH2 = 8.0 Hz, 2H, CH2), 3.83 (s, 3H, OMe),
3.85 (s, 3H, OMe), 4.25 (t, JCH2-CH2 = 8.0 Hz, 2H, CH2), 4.62 (s, 2H,
CH2), 5.60 (s, 2H, CH2), 6.79 (d, J5″-6″ = 8.5 Hz, 1H, H5″), 6.81 (s, 1H,
H2″), 6.85 (d, JH6″-5″ = 8.5 Hz, 1H, H6″), 7.13 (d, JH6′-5′ = 7.0 Hz, 1H,
H6′), 7.19 (t, JH4′-3′,4′-5′ = 7.0 Hz, 1H, H4′), 7.24 (t, JH5′-4′,5′-6′ = 7.0 Hz,
1H, H5′),7.41 (t, JH6-5,6-7 = 7.5 Hz, 1H, H6), 7.51 (d, JH8-7 = 7.5 Hz,
1H, H8), 7.55 (d, JH3′-4′ = 7.5 Hz, 1H, H3′), 7.66 (s, 1H, triazole), 7.69
(t, JH7-6,7-8 = 7.5 Hz, 1H, H7), 8.23 (d, JH5-6 = 7.5 Hz, 1H, H5) ppm.
13CNMR (CDCl3, 125 MHz): δ = 26.8, 33.6, 46.4, 53.9, 55.9, 56.0,
97.5, 111.5, 112.1, 119.5, 121.0, 123.4, 123.5, 125.7, 125.9, 127.1,
128.2, 130.2, 130.4, 133.2, 134.0, 134.4,144.1, 147.1, 147.9, 149.0,
155.6, 161.4 ppm. Anal. Calcd for C28H26BrN5O3S: C, 56.76; H, 4.42; N,
11.82. Found: C, 56.58; H, 4.21; N, 12.10.

4.4.15. 2-(((1-(3-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
(3,4-dimethoxyphenethyl) quinazolin-4(3H)-one (10o)

Yield: 86%; mp = 144–148 °C; IR (KBr): 3050 (CeH), 2828 (CeH),
1671 (C]O), 1666, 1566 (C]N, C]C) cm−1. 1HNMR (CDCl3,
500 MHz): δ = 2.97–2.99 (m, 2H, CH2), 3.82 (s, 3H, OMe), 3.85 (s, 3H,
OMe), 4.26–4.28 (m, 2H, CH2), 4.61 (s, 2H, CH2), 5.46 (s, 2H, CH2),
6.77–6.80 (m, 2H, H2″, H5″), 6.85 (d, JH6″-5″ = 7.0, 1H, H6″), 7.13 (d,
JH6′-5′ = 7.0 Hz, 1H, H6′), 7.19 (t, JH5′-4′,5′-6′ = 7.0 Hz, 1H, H5′),
7.37–7.48 (m, 5H, H6, H8, H2′, H4′, triazole), 7.70 (t, JH7-6,7-
8 = 7.5 Hz, 1H, H7), 8.23 (d, JH5-6 = 7.5 Hz, 1H, H5) ppm. 13CNMR
(CDCl3, 125 MHz): δ = 26.9, 33.6, 46.4, 52.5,55.8, 55.9, 96.1, 115.5,
112.2, 119.5, 121.1, 123.1,125.7, 126.0, 126.5, 127.1, 130.2,
130.6,131.0, 131.9, 134.5, 136.7, 146.0, 147.1, 147.9, 149.0, 155.6,
161.4 ppm. Anal. Calcd for C28H26BrN5O3S: C, 56.76; H, 4.42; N, 11.82.
Found: C, 56.81; H, 4.27; N, 11.67.

4.4.16. 2-(((1-(4-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-3-
(3,4-dimethoxyphenethyl) quinazolin-4(3H)-one (10p)

Yield: 84%; mp = 144–146 °C; IR (KBr): 3052 (CeH), 2828 (CeH),
1672 (C]O), 1680, 1556 (C]N, C]C) cm−1. 1H NMR (CDCl3,
500 MHz): δ = 2.96–2.98 (m, 2H, CH2), 3.82 (s, 3H, OMe), 3.85 (s, 3H,
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OMe), 4.25–4.27 (m, 2H, CH2), 4.59 (s, 2H, CH2), 5.43 (s, 2H, CH2),
6.77 (s, 1H, H2″), 6.80 (d, JH5″-6″ = 7.5 Hz, 1H, H5″), 6.84 (d, JH6″-

5″ = 7.5 Hz, 1H, H6″), 7.08 (d, JH2′,6-3′,5′ = 8.0, 2H, H2′, H6′),
7.41–7.45 (m, 5H, H6, H8, H3′, H5′, triazole), 7.70 (t, JH7-6,7-
8 = 7.5 Hz, 1H, H7), 8.24 (d, JH5-6 = 7.5 Hz, 1H, H5) ppm. 13CNMR
(CDCl3, 125 MHz): δ = 26.7, 33.6, 46.4, 55.7, 55.9, 96.1, 111.5, 112.2,
119.5, 121.1, 123.0, 125.7, 126.0, 127.1, 129.7, 130.2, 132.3, 133.5,
134.4, 144.2, 147.1, 147.9, 149.0, 155.6, 161.4 ppm. Anal. Calcd for
C28H26BrN5O3S: C, 56.76; H, 4.42; N, 11.82. Found: C, 56.91; H, 4.65;
N, 11.67.

4.5. In vitro α-glucosidase inhibition assay

α-Glucosidase (Saccharomyces cerevisiae, EC3.2.1.20, 20 U/mg)
and substrate (p-nitrophenyl glucopyranoside) were purchased from
Sigma-Aldrich. Desired concentrations of enzyme were prepared by
potassium phosphate buffer (pH 6.8, 50 mM), and the target com-
pounds 10a-p were dissolved in DMSO (10% final concentration). The
enzyme solution (20 μL), different concentrations of compounds 10a-p
(20 μL), and potassium phosphate buffer (135 μL) were added to the 96-
well plate and incubated at 37 °C for 10 min. Then, p-nitrophenyl glu-
copyranoside as substrate (25 μL, 4 mM) was added to each well and
allowed to be incubated at 37 °C for 20 min. Finally, the change in the
absorbance was measured at 405 nm by using spectrophotometer
(Gen5, Power wave xs2, BioTek, America). DMSO and acarbose were
used as the control and standard inhibitor, respectively. The percentage
of inhibition for target compounds, control, and the standard inhibitor
was calculated by using the following formula:

= ×% Inhibition [(Abs control Abs sample)/Abs control] 100

IC50 values of tested compounds were obtained from the nonlinear re-
gression curve using the Logit method.

4.6. Kinetic study

The enzyme solution (1 U/mL, 20 µL) was incubated with different
concentrations of 0, 140, 160, and 180 µM of the most potent com-
pound 10g (20 µL) for 15 min at 30 °C. The reaction was then initiated
by adding various concentrations of substrate (p-nitrophenyl gluco-
pyranoside, 1–4 mM). Then, change in the absorbance was determined
for 20 min at 405 nm by using spectrophotometer (Gen5, Power wave
xs2, BioTek, America) [25].

4.7. In vitro cytotoxicity assay

Evaluation of cytotoxic effects of the quinazolinone-1,2,3-triazole
hybrids 10a-p was performed exactly based on the literature [15].

4.8. Docking study

Building the homology model of α-glucosidase and docking of the
most potent compounds 10g and 10p in this enzyme were performed by
Auto dock Tools, using previously described method [26].
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